INTRODUCTION
============

The development of mechanical circular stapler devices and total mesorectal excision with preoperative chemoradiation for the treatment of rectal cancer has allowed for sphincter-saving surgeries, improved oncologic outcomes, and also decreased the prevalence of requiring a permanent stoma.[@B1],[@B2],[@B3],[@B4] Anastomotic leakage after sphincter-saving surgery is the most worrisome complication of stoma creation, as it associated with numerous unfavorable clinical outcomes including postoperative morbidity and early mortality.[@B5],[@B6] Diverting stomas can minimize the fatal consequences of anastomotic leakage, although they do not substantially decrease its incidence.[@B7],[@B8],[@B9] While diverting stomas are intended to be temporary, they are also associated with permanent stomas, specifically non-reversal of the protective stoma and secondary construction of a permanent stoma. Several recent studies have shown that risk factors for permanent stomas include old age, anastomotic-related complications, local recurrence, radiotherapy, and poor anal function; however, these risk factors are not well established.[@B10],[@B11],[@B12],[@B13] In addition, there have been few reports focusing on risk factors of permanent stomas after creating a primary diverting stoma.

The aim of this study was to identify the risk factors influencing the need for a permanent stoma after low anterior resection with a temporary stoma for rectal cancer.

MATERIALS AND METHODS
=====================

We retrospectively reviewed a total of 2528 consecutive primary rectal cancer patients with histologically confirmed adenocarcinoma who underwent low anterior resection with temporary stomas from January 2000 to December 2009 at our institution. Patients who underwent palliative resection or emergency surgery or had recurrent cancer or distant metastasis were excluded from this study. In addition, patients who died within 90 days after primary surgery were excluded. Ultimately, a total of 231 patients were enrolled in our analysis ([Fig. 1](#F1){ref-type="fig"}) and further divided into two groups: a temporary stoma group and a permanent stoma group. After placing patients into the two groups, the risk factors for permanent stoma were evaluated. Permanent stomas included stoma re-creation after reversal and stoma non-reversal after diversion. This study was approved by the Institutional Review Board of Samsung Medical Center, and all patients gave informed consent.

Rectal cancer was determined by sigmoidoscopy and defined as a tumor with a lower border within 15 cm of the anal verge. Anastomosis-related complications included anastomotic leakage, stricture, fistula, and pelvic abscess. Anastomotic leakage was defined as clinical signs of peritonitis and radiological findings of extraluminal air, fistula, or intra-abdominal abscess. Patients with radiologically demonstrated anastomotic leakage without clinical evidence were excluded. Anorectal stricture was defined as stenosis requiring management either manually or with a Hegar dilator. Early anastomotic-related complications were defined as those occurring within 90 days of the operation, while all others were considered late complications.

Patients were followed up at 3-month intervals for the first 2 years after surgery and then every 6 months for 5 years. Colon enema with water-soluble contrast media and colonoscopy were performed to evaluate any abnormalities such as leakage or stricture. If abnormal findings were observed, stoma closure was delayed until the leakage had healed or the stricture had improved by dilatation.

Statistical analyses were performed with SPSS (version 19; SPSS Inc., Chicago, IL, USA). The χ^2^ test or Fisher\'s exact were used for univariate analyses for risk factors of permanent stomas. Independent risk factors were calculated by multivariate analysis with logistic regression. Only parameters with values of *p*\<0.20 were included in multivariate analysis. The overall survival rate was analyzed with the Kaplan-Meier method and the log-rank test. *p*-values \<0.05 were considered statically significant.

RESULTS
=======

There were 231 patients included in our study, and 217 (93.9%) received a stoma reversal. The median period between primary surgery and stoma reversal was 7.5 months. After a median follow-up of 50.4 months (range 4-156 months), 203 patients were confirmed to have had a temporary stoma while 28 patients required a permanent stoma. Of the 28 permanent stoma patients (12.1%), there were 14 ileostomies (50.0%), eight colostomies (28.6%), and four abdominoperineal resections (14.3%), as well as one patient (3.6%) who underwent Hartmann\'s operation.

The characteristics of the temporary and permanent stoma groups are shown in [Table 1](#T1){ref-type="table"}. The risk of requiring a permanent stoma included anastomotic-related complications (*p*=0.001) and local recurrence (*p*=0.001). Multivariate analysis showed that the independent risk factors for permanent stomas were local recurrence \[odd ratio (OR), 5.050; 95% confidence interval (CI), 1.867-13.659; *p*=0.001\] and anastomotic-related complications (OR, 4.369; 95% CI, 1.631-11.701; *p*=0.001) ([Table 2](#T2){ref-type="table"}). The multivariate analysis revealed that sex, tumor-node-metastasis stage, and permanent stomas were independent prognostic factors for disease-free survival ([Table 3](#T3){ref-type="table"}).

The characteristics of patients who needed a permanent stoma, including stoma recreation after reversal (stoma recreation group, n=14) and stoma non-reversal after diversion (stoma non-reversal group, n=14) are shown in [Table 4](#T4){ref-type="table"}. There were no differences between the two groups with respect to age, sex, body mass index, American Society of Anesthesiologists score, tumor location, stage, radiotherapy, anastomotic-related complications, systemic metastasis, or local recurrence. The reasons for requiring permanent stomas are compared between the two groups in [Table 5](#T5){ref-type="table"}. The main reason for permanent stomas in the stoma recreation group was local recurrence, whereas in the stoma non-reversal group, the most common reasons were anastomotic-related complications. However, this difference between the two groups was not significant. With respect to anastomotic-related complications between the two groups, the stoma recreation group was associated with late complications more often than early complications (early:late, 0:5) compared with the stoma non-reversal group (early:late, 2:3).

Survival data for the temporary and permanent stoma groups are presented in [Fig. 2](#F2){ref-type="fig"}. Five-year disease-free survival and overall survival curves were significantly different between the two groups, respectively (both *p*\<0.001).

DISCUSSION
==========

Although it remains controversial whether diversion decreases the incidence of anastomotic leakage, its use is nevertheless widespread due to the possibility of mitigating the consequences of anastomotic complications. However, diverting stomas are associated with the potential risk of requiring a permanent stoma in two outcomes, namely, non-reversal of the temporary stoma and recreation of the stoma after reversal.

The overall rate of permanent stomas after sphincter-saving surgery of the rectum has been reported to be 3-24%.[@B10],[@B11],[@B12],[@B13],[@B14] In addition, some studies have shown that the non-reversal rate of diverting loop ileostomy is 13.8-24.9%.[@B9],[@B15],[@B16],[@B17],[@B18] In the present study, 12.1% of patients (28 of 231) had a permanent stoma, while 6.1% (14 of 231) had no reversals of diverting loop ileostomy. We also found that anastomotic-related complications and local recurrence were independent risk factors of permanent stomas in our study.

Local recurrence is a well-known risk factor of permanent stomas. Indeed, three recent studies reported that local recurrence is the main reason for needing a permanent stoma and thus is more frequent than anastomosis-related complications.[@B11],[@B16],[@B19],[@B20] In the present study, local recurrence was also the primary cause of the need for a permanent stoma and was followed by anastomotic related complications. Additionally, the primary cause was the same for stoma recreation cases after reversal, though not for stoma non-reversal after diversion. Lim, et al.[@B20] reported similar results, indicating that local recurrence is the main reason for requiring stoma recreation after stoma closure. Specifically, they reported that 10 (55.6%) of 18 patients with permanent stomas due to local recurrence had received stoma recreation surgery.

Several recent studies have reported that anastomotic complications are predictive factors of permanent stomas. Junginger, et al.[@B16] reported that the main reasons for needing a permanent stoma are anastomosis-related complications and local recurrence and that anastomosis-related complications are the most commonly cited reason for allowing non-functioning stomas to remain in place (20 of 33 patients). In the present study, anastomotic-related complications were the second most common reason for requiring a permanent stoma; however, they were the primary reason for stoma non-reversal after diversion (5 of 14). Seo, et al.[@B19] reported similar data showing the primary causes of non-reversal of diverting stomas to be anastomotic-related complications, which were also the main reasons for early permanent stomas (\<1 year after surgery).

Additional risk factors of permanent stomas include old age, radiation therapy, poor anal function, and distant metastasis. Interestingly, several previous studies have reported that old age is one of most significant risk factors for permanent stomas,[@B10],[@B15],[@B21] while others have reported that it is not a risk factor.[@B16],[@B19],[@B20] den Dulk, et al.[@B15] suggested that fears of increased comorbidity in the elderly and patients\' refusals to undergo additional surgeries may be responsible for the decreased frequency of stoma reversal in older patients. In addition, some studies have shown that radiation therapy may also be a risk factor for permanent stomas[@B12],[@B19] due to the association between radiotherapy and anastomotic-related complications.[@B12] Conversely, Nelson, et al.[@B11] reported that radiation therapy was found not to be a risk factor of permanent stomas. We concur with this finding after observing that radiation therapy was not a risk factor of permanent stoma in our study. Poor anal function and distant metastasis may also be risk factors for permanent stomas; however, these were not evaluated in this retrospective analysis. Specifically, we did not include these possible risk factors given that postoperative anal function was not evaluated as an objective measure in all patients at our institution and distant metastasis may have significantly influenced the high rate of permanent stomas due to disease progression.

The timing of stoma closure is highly variable. Some investigators reported an average period between primary surgery and stoma closure of 4-5.6 months.[@B15],[@B16],[@B20] In the present study, the median time to stoma reversal was 7.5 months, which was a relatively longer interval to stoma reversal than what described in other reports. One of the possible reasons may have been a delay of stoma reversal after completion of postoperative adjuvant chemotherapy, which took place for 6 months.

The limitations of the current study include its retrospective and non-randomized design as well as the small number of patients in the permanent stoma group. In addition, the indications for diverting stomas were not standardized and instead depended on the surgeons\' preferences, which may have resulted in selection bias. Lastly, as we did not use an objective measure, we also did not evaluate anal function, which may be an important risk factor for permanent stomas. Although our study is not substantial enough to make definite conclusions, the conclusions that we did come to are still valid.

In conclusion, patients with rectal cancer who have had low anterior resection with a temporary stoma and experience local recurrence or anastomotic-related complications may be at increased risk for a permanent stoma. Thus, it is necessary to be aware of the potential risks for the creation of a permanent stoma in these patients.

This research was supported by the Basic Science Research Program through the National Research Foundation of Korea (NRF) funded by the Ministry of Education, Science and Technology (grant number 2012R1A1A1004888).

The authors have no financial conflicts of interest.

![Patient selection flow chart. LAR, low anterior resection; APR, abdominoperineal resection.](ymj-56-447-g001){#F1}

![Kaplan-Meier curves of 231 patients with temporary stomas. (A) Disease-free survival. (B) Overall survival.](ymj-56-447-g002){#F2}

###### 

Risk Factors for a Permanent Stoma among 231 Temporary Stoma Patients
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BMI, body mass index; ASA, American Society of Anesthesiologists; TNM, tumor-node-metastasis.
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Multivariate Analysis of Risk Factors for a Permanent Stoma
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BMI, body mass index; OR, odd ratio; CI, confidence interval.
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Univariate and Multivariate Analysis for Disease-Free Survival in 231 Patients with Temporary Stomas
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BMI, body mass index; ASA, American Society of Anesthesiologists; TNM, tumor-node-metastasis; OR, odd ratio; CI, confidence interval.
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Demographics of Permanent Stoma Patients

![](ymj-56-447-i004)

^\*^Stoma recreation after reversal.

^†^Stoma non-reversal after diversion.
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Reasons for Requiring a Permanent Stoma
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